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Partial Sternotomy for Aortic Valve Operations 
A. Marc Gillinov and Delos M. Cosgrove 
M 'edian sternotomy has been the standard approach .to the heart anti great vessels for more titan 30 
years. This approach provides excellent exposure of all 
cardiac structures and allows central cannulation for 
cardiopulmonary b pass (CPB). The ascending aorta 
and aortic valve are easily accessible through this 
incision. 
The last 5 years lmve brought considerable progress 
in the development of less-invasive approaches toheart 
valve surgery. These advances involve smaller chest 
wall incisions to gain access to the heart; currently, all 
heart valve operations require the use of CPB. Poten- 
tial advantages of these incisions include increased 
cosmetic appeal, decreased pain, decreased bleeding 
and infection, shorter intensive-care unit and hospital 
stays, and reduced costs. IIowever, reduction in the size 
of the operative fiehl may increase the teclmical tle- 
mands of cardiac surgical procedures. Adequate xpo- 
sure is essential to successful operative technique, and 
less-invasive approaches to the heart cannot compro- 
mise the quality of the operation. 
In 1995, we began to develop techniques for less- 
invasive aortic valve operations. Our initial efforts 
involved a right parasternal incision. In most instances, 
this incision afforded good exposure of the aortic valve. 
Disadvantages of tiffs approacll included sacrifice of the 
right internal thoracic artery, a frequent need for 
femoral cannulation, difficuh conversion to full ster- 
notomy, and occasional postoperative chest wall instabil- 
ity. Subsequently, we found that a transverse transect- 
ing sternotomy at the second iuterspace provided 
superior exposure of the aortic root. This incision 
required sacrifice of both internal thoracic arteries and 
was difficult to convert o a standard sternotomy; in
addition, several patients developed late chest wall 
instability. 
Although the aforementioned approaches were gener- 
ally successfld, both had significant disadvantages. 
Further experience has demonstrated that a partial 
upper sternotomy is a superior approach. A partial 
upper sternotomy " J 'd"  into the right fourth intercos- 
tal space provides the surgeon with a familiar operative 
field and easy access for central cammlation. If conver- 
sion to a full sternotomy becomes necessary, this is 
easily accomplished. 
A midline structure, the aortic valve is in the center 
of the field. Cardiac reoperation and the need for 
coronary artery bypass grafting are our only contrain- 
dications to this approach. In all other patients, partial 
upper sternotomy is currently our incision of choice for 
minimally invasive aortic valve surgery. 
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SURGICAL  TECHNIQUE 
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1 Tile patient is positioned supine on tile operating room table ~dth both 
arms tucked. Standard monitoring lines, including a Swan-Ganz catheter, if
indicated, are placed. The patient is induced with standard techniques and 
intubated with a singlc-hnnen endotraeheal tube. A transesophagcal echo- 
cardiographic probe is placed. (A) An 8-era skin incision is made from the 
sternal angle to the fourth intercostal space. The soft tissue is dissected with 
electrocautery, and a flap is raised to allow access to the sternal notch. The 
sternum is opened from the sternal angle to the fourth intercostal space. (B) 
The sternal incision is " J 'd"  into the right fourth intercostal space. Care is 
taken to not damage the right internal thoracic artery. 
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2 A small two-bladed retractor is placed in the wound and opened. The thymic 
tissue is divided in the midline and ligated. The pericardium is opened and tacked to 
the drapes under tension ~ith stay sutures. Tiffs elevates tile heart anteriorly and 
affords good exposure of the aorta and right atrium. The field is flooded ~ith CO2 at 
6 l_Jmin to aid in de-airing of the heart. 
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3 Cannu|as for CPB are placed directly into the ascending aorta and right atrium. 
In addition, a retrograde cardiople~a catheter is introdttced via a stab wound high in 
the right atrium. Position of the retrograde cardiople~a c theter can be confirmed by 
transesophageal ehoeardiography. CPB is initiated with vacumn-assisted venous 
drainage. The aorta is cross-clamped with a specially designed flexible clamp, the heart 
arrested, and an oblique aortotomy constructed. The incision in the aorta is varied 
depending on tile anticipated surreal procedure. 
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' 4  The aortic valve is exposed, and the eommissures are elevated x,ith stay 
sutures. This elevates the valve, retracts the aorta, and preserves normal physi- 
o lo~c orientation of the aortic root. Cardioplegia may be injected directly into the 
coronary ostia if it was not given before the aortic root was opened. The field is kept 
dry by a basket sucker or a spring vent placed through tile aortic valve into the left 
ventricle. If the valve cannot be repaired, then tile leaflets are excised and the 
annular calcium is debrided. 
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5 Using standard surgical technique, sutures arc passed through the annulus and 
the sewing ring of a bioprosthesis. (Printed with pernfission of the Cleveland Clinic 
Foundation.) 
:?- 
6 This approach can also be used for allograft aortic root replacement. 
(Printed whh permission of the Cleveland Clinic Fonndation.) 
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~" Mter tile prosthesis i stated, tile aortotomy is closed in standard fashion. Tension 
is maintained on the sutures in the valve prosthesis until closure of tile aorta is 
initiated. This helps expose the portion of the incision in the noncoronary sinus. Before 
tile aortotomy closure is completed, the lungs are inflated to aid in de-airing. The 
completeness of de-airing is assessed through echocardiography. 
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8 At tile end of tile i,roce,hlre, tile patient is deeannulated, and pacing wires are 
placed. 
9 One or two chest tubes are placed, depending on whether tlle right pleural 
space was entered. The sternunl is closed with 4 interrupted stainless teel wires, 
and tile skill and subcutaneous ti sue are closed ill layers. 
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COMMENT 
From 1997 to 1999, 365 patients underwent aortic valve 
surgery througl~ a partial upper sternotomy. Mean 
patient age was 55 + 16 years (range of 18 to 87 years); 
69% of the patients were nten. Aortic valve replacement 
was performed in 77%; aortic valve repair, in 23%. 
Aortic prostheses inchtded stented bioprostheses (38%), 
allografts (29%), and ntechauical prostheses (10%). All 
allografts were implanted as full aortic roots with 
coronary transfer. Associated procedures inchnled mi- 
tral valve repair or replacement (22 patients), ascend- 
ing aortic aneurysm repair (12 patients), and coronary 
artery bypass grafting (6 patients); 8 patients required 
conversion to full sternotomy. Reasons for conversion 
included the need for coronary artery bypass grafting 
(3 patients), bleeding (3 patients), and inadequate 
exposure (2 patients). 
All patients remained intubated after surgery anti 
were taken to the ICU for recovery. Mean time to 
extubation was 11 + 5 hours, with 43% of patients 
extubated in less tlmn 6 hours. Mean hospital length of 
stay was 6.7 + 4.9 days, and 68% of patients were 
disclmrged witlfin 6 days of surgery. Only 21% of patients 
received blood products durhtg hoslfftalizafion. 
Postoperative complications included reoperation for 
bleeding (5%), stroke (3%), respiratory insufficiency 
(2%), and wound iufection (0.3%). Six in-hospital 
deaths occurred, giving a hospital mortality of 1.6%. 
Although the right parasternal incision 1"3 and transect- 
ing sternotomy 1 have been used successfully for aortic 
valve surgery, ntost surgeons now favor the partial 
upper sternotomy, m-6 With this approach, the sternum 
can be spread without deviation into the chest, 7or the 
incision can be " J 'd"  off into an interspace. 4-6 
As stated previously, the partial upper sternotomy has 
several advantages over other approaches. Central cmmtda- 
tion is accomplished asily, and e~osure of the aorta and 
aortic valve are excellent. The haternal thoracic arteries are 
preserved, antl conversion to full sternotomy is readily 
accontplished. There are few contraindications to tiffs 
al~proach, and some surgeons have reported successfid 
aortic valve reoperations with tiffs hlcision, a'9 
The purpose of nfinimally invasive heart valve sur- 
gery is to provide some benefit to the patient. The 
feasibility of less-invasive aortic valve surgery has been 
confirmed by numerous investigators. Recent data 
demonstrate hat these new approaches to heart valve 
surgery result in tangible benefits. Several studies 
dentonstrate substantial reductions in blood loss anti 
transfusion requirements using smaUer inc is ions.  3'9-1"1 
The smaller incision and rednced surgical traunm result 
in earlier extul)ation, shorter ICU stays, and shorter 
hospital stays. 3'H'12 These factors in turn decrease 
hospital costs and charges l)y 10% to 20%.  3'10'11 AI- 
though ntost of these data come from retrospective 
studies, Machler et al. rt confirnted several of these 
findings in a large prospective study of patients under- 
going aortic valve surgery. 
The benefits of minimally invasive heart valve sur- 
gery may be realized after a relatively short learning 
curve by the surgeon. With experience, CPB and aortic 
cross-clamp times approach those aelffeved with median 
sternotomy. 3 All primary valve operations can be per- 
formed safely through sntaller incisions. Recent develop- 
ments in robotics and three-dimensional intraeardiae 
canteras are likely to pave the way for truly microinva- 
sive cardiac valve surgery. H
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